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(54) MATRIX OPTICAL SWITCH AND OPTICAL ADM 


(57) There is provided an optical matrix switch 
which comprises a branch-selective network and has, in 
its center stage, a transmittance-variabie optical switch 
(a gate) with one input and one output. Varying the 
transmittance of the gate can reduce crosstalk between 
channels, and, if necessary, can control the power of 
optical channels. An optical ADM is also provided. In 
this optical ADM, a first level controller is provided 
between first and second optical switches for drop and 
add and controls the level of transmitted light, the level 


of an optical signal dropped is controlled in a second 
level controller, and the level of an optical signal added 
is controlled in a third level controller. The individual 
members are provided in an integral form on a single 
substrate. This can realize a reduction in size and a 
reduction in weight of an optical ADM. Further, this facil- 
itates the control of a variation in loss in each path and 
the control of the level of optical signals in a temninal for 
drop and a terminal for add. 
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Description 

TECHNICAL FIELD 

[0001] Tne invention relates to a waveguide-type 
optical matrix switch which perfonns the switching and 
control operation of optical paths using optical 
waveguides provided on a substrate. The invention also 
relates to an optical ADM (optical add-drop nnultiplexer) 
having the function of perforrnihg optical-signal through, 
drop, and add. 

BACKGROUND ART 

[0002] In recent years, the advance of practical use' 
of an optical connmunicatipn system has led to a 
demand for an optical communication system having 
higher capacity and higher performance. In particular, in 
order to more stably and more efficiently operate many 
optical transmission lines, it has 'become necessary to 
properly recombine optical transmission paths upon 
occurrence of troubles of ' transmission paths and 
according to traffic. Further, also within an optical trans- 
mission apparatus, the recombination of optical paths 
within the apparatus upon occunrerice of troubles of the 
optical device or the like has become necessary. 
[0003] In order to cope with these" demands, for 
example, there is a report on the use of an optical switch 
using a diffusion type optical waveguide comprising an 
electrooptic crystal, typified by lithium niobate (LN), 
which has been mainly doped with titanium or the like 
through the surface of a substrate by thermal'diffusion. 
[0004] This optical switch is reported in "Daikibo 
Doharokata Hikari Matorikkusu Suicchi (Large 
.Waveguide Optical Matrix Switch)' [Hideaki' Okayama 
and Masato Kawahara, Singakugiho[, TECHNICAL 
REPORT OF TEICE SSE 94-214, OCS 94-95 (1995- 
02), PP 67-72, or "Studies on a i 28-Line Photonic 
Space-Division Switching Network Using LiNb03 
Switch Matrices and Opticar Amplifiers", (C. Burke, M. 
Fujiwara, M. Yamaguchi, H. Nishimoto, and H. Honmon, 
OSA Proceeding on photonic switching, 1 991 . Vol. 8, pp 
2-6). ^ ' ■ - 

[0005] An optical matrix switch fomned by integrat- 
ing this type of optical switches is reported in "Polariza- 
tion Independent-DC Drift Free tiiLiNbOs 4x4 Matrix 
Optical Switch" [Y. Nakabayashi, J. Ushioda, M. Kita- 
mura, 2nd Optoelectronics Communications Confer- 
ence (OECC97) Technical Digest, July 1997, Seoul, 
KOREA, 9C5-3, pp 202-203]. 

[0006] There is also a report on an optical matrix 
switch which utilizes, for example, a change in refractive 
index df optical waveguides by themiooptic effect using 
a heater mounted on a part of quartz or polymer-based 
optical waveguides. This optical switch is reported in 
"DC-drift Free Polarization independent TiiLiNbOs 8 x B 
Optical Matrix Switch" [Y. Nakabayashi, M, Kitamura. T 
Sawano, 22nd European Conference on Optical Com- 


* munication-EGOC'96, Oslo, ThD. 2.4.4, 157-4,160]. 
[0007] Here a single device having an optical path- 
switching function is called an 'optical switch," and a 
device or optical circuit, which can realize the switching 

5 of paths of a larger number of inputs and a larger 
number of outputs through a combination of a plurality 
. of optical switches, is called an "optical matrix switch." 
The way of combining optica! switches within the optical 
matrix switch is called a "network." 

10 [0008] In the optical matrix switch used in the 
switching of the conventional transmission path, reduc- 
ing the level of crosstalk to approximately not more than 
-40 dB is required from the viewpoint of ensuring the 
transmission quality. 

15 [0009] Also in the case where an optical matrix 
switch is used in the switching of path within the appara- 
tus, minimizing the level of the crosstalk is desired. For 
most of the conventional optical switches reported up to 
now, however, meeting this requirement for low cross- 

20 talk level is difficult due to the performance of the optical 
switch perse. 

[0010] Further, for example, in a multi- wave length 
communication system using EDFA (erbium doped fiber 
amplifier), it is known that the optical power varies from 

25 a channel for one wavelength to a channel for another 
wavelength, for example, due to the dependency of the 
optical amplification factor of EDFA upon the wave- 
length and that this limits the transmission distance. 
Therefore, in a relay apparatus, for example, in a multi- 

30 wavelength communication system using EDFA, the 
' ■ - function^ of - elirhinating the uneven optical power 
betweeln the channels for respective wavelengths is 
necessary. 

• [001 1 ] The optical matrix switch for the recombining 
35 tight transmission paths is generally incorporated into a 
relay apparatus in a multi-wavelength communication 
system. For this reason, the optical matrix switch-per se 
preferably has the function of controlling the power of 
each optical channel from the viewpoint of reducing the 
40 size of the relay apparatus. 

[0012] Accordingly, it is an object of the invention to 
solve the above'problems of the prior art and to provide 
an optical matrix switch which can reduce crosstalk 
•between channels and can, if necessary, control the 
45 power of optical channels. 

[0013] Fig. 7 is a diagram showing the construction 
of a Conventional optical ADM. 

[0014] This optical ADM is provided along an opti- 
cal transmission path having a plurality of channels (for 

50 example, 32 channels). An-optical amplifier (AMP) 2001 
is connected on the upstream side of the optical ADM, 
and a demultiplexer 2002 for demultiplexing a multi- 
plexed optical signal to different wavelengths is con- 
nected to the optical amplifier 2001. 1 x 2 optical 

55 switches 2003 having an identical construction are con- 
nected respectively to output lines of the demultiplexer 
2002. For the optica! switch 2003, one of the output ter- 
minals is a drop terminal, while one of input terminals in 
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a 2 X 1 optical switch 2004 is connected to the pther out- 
put terrninal.of the optical switch 2003. The other input 
terminal in the 2 x 1 optical switch 2004 is used as. an 
add terminal. An attenuator (ATT) 2005 is connected to 
the output ternninal of the 2 x 1 optical switch 2004, and , 
each input terminal of a multiplexer 2006 is connected 
to each output terminal o1 the'attenuator 2005 in a 1. : 1 
relationship, Further an opticai amplifier (AMP-);2007, 
which amplifies the multiplexed optical signal and.output 
to the downstream side,, is connected to the output ter- 
minal, of the multiplexer 2606. , Here, opticaLdeyices, 
such as optical, switches 2603, 2004, are connected to 
each other through an optical fiber. A photodefector 
(PD) 2008 is coupled to the optical fiber for connecting 
,the attenuator 2005 to the multiplexer. 2006. An.auto- 
matic level controller (ALC) , 2009 for controlling the 
attenuator 2005, is ^ connecte.d to the photodetector 
2008. . ; ■■ 

[0015] : The optical ADM shown in Fig. 7 is provided 
at a point C, which is. alpng -an . optical transmission line 
provided between points A and B distant from each 
other A multiplexed optical signal from the point A is 
amplified in ;the optical -^arriprifier :,20pi , aod.is then 
demultiplexed in the demultiplexer-2002. According to 
the switching by: the -1 . x.. 2 opticat .switch ,2003,:- the 
demultiplexed^ signals are dropped at the ■point,,C; (that 
is, is withdrawn to the outside of.th^ system) ^or sent to 
the 2 X.I, optical switch 2004 .for transmission 4;9, the 
point B vyithout drop. VVhen the den:}ultiplexed , signals 
have been s.ent , to the 2 x 1 optical svyitch 2004. they are. 
then sent;.to the attenuator 2005 throughJhe.2,X:1 ^^9^^ 
cal switch 2004, where the cpntrpLof the-attenuar for 
output level matching is performed. The;,pontrol,pf the 
attenuation in-the attenuator 2006. is perfonried.by. con- 
trolling the gain or light.transmission jeyel-pf Ae a^^ 
ator 2005 through the automatic levelcontroller:;2009 
based on a photoelectric conversion signaJ by the pho- 
todetector 2008. The optical signals fronri each^^of the 
attenuators 2005 are multiplexed in the multiplexer 
2006. and the multiplexed light is amplified in the optical 
amplifier 2007 and sent toward the, point B. VVlien the 2 
x 1 optical switch 2004. is switched to the add side, opti- 
cal information from the, point C is input intp the.2 x 1 
optical switch . 2004 and js added to the multiplexed opti- 
cal signal from the point- A. This type- of ./^DM is 
described in detail, for example, in Masaki Fpkui e,t al., 
"1580 mn band all opticaLand.node prototype equipped 
with fast .automatic level controj" (24th European Con- 
ference on Optical Communication: 9.20,-24,, 1988). 
[0016] According to the conventional optical ADM. 
since an optical fiber is used to connect optical devices 
to each other a reduction in size, a/eduction in weight, 
and a reduction in cost are difficult to realize. Further, 
there is crosstalk of the 1 x 2 optical switch toward the 
non-output ternninal. This makes it difficult to . improve 
the extinction ratio. For example, even in the case of 
output to the drop ternninal in the 1 x 2 optical switch, 
input is performed through the ternninal for through into 


the 2 x 1 optical switch. Since, however, an attenuator is 
provided downstream of the 2 x 1 optical switch, the 
above crosstalk cannot be prevented. Further, since an 
attenuator is provided at the ternninal of the 2 x 1 optical 
5 switch, the level control of the optical signal in the drop 
and add terminals is impossible. When a level controller 
is inserted in this site, the connection is carried out 
using ..an 'optical fiber This /end ers the work ti-ouble- 
sonhe, and leads to an increase in size. Accordingly, it is 
70 ' another object of the invention to provide an optical 
ADM which can realize a reduction in size, the suppres- 
sion of crosstalk and the control of an optical signal level 
at the drop and add terminals without troublesome con- 
nection work and can easily realize an array construc- 
ts tion and a multi -function. 

. , DISCLOSURE.OI^THE INVENTjON . _ . 

, [0017] . According to the, inyention, an optical matrix 
20. switch comprises B. branch selecitive network in such a 
. . form that outpuiports^of m (m = a positive integer) opti- 
ca! switches each, .vyjth one input and n (n = a positive 
integer) outputs are connected to input ports of n pptical 
switches each with m inputs and one output so that the 
25 . fist (n1 = a positive integer) output port in output ports of 
the nil St (ml = a. positive integer), optica] switch with 
one input and n. outputs is connected to the mist input 
port in input ports of the n1.st optical switch with m 
ioputs and ,one. qutput, ."wherein, the optical switches 
30 . each- wjth pr^e inpyt and n outputs and the optical 
... ^witches each with .hn inputs and one output are formed 
of a;;nngtenal.. ha^^ characteristics ..such 

,,..; yhat,the refraptiy^ index changes upon the application of 
. an electric fields ancj. transmittaoce yariable gate mem- 
35 . \;*bersar^provjd the output ports 

)^ of the. ppticaL switch with one input and n out- 

" "puts and, the ihput ports of the optical switches each 
, with.m. inputs and one output 
/[0018] ^ , That is, the optical matrix switch according to 
40 , th.e. invention, comprises a. branch-selective network and 
. .has, injts center stage, a transmittance-variable optical 
switch (agate) vyitK one, input and one output. 
[0019] At the output, the function of an optical 
...switch, having the simplest construction, that is, two 
45 inputs. and two. outputs (hereinafter referred to as -2 x 
..2"), will be explained. In the case of the 2 x 2 optical 
.matrix switch, this network, when only the first and third 
. .stage? are viewed, has the so-called TREE" construc- 
tion, and a gate is inserted into the second stage as the 
50 center stage. ... 

< , [0020] By virtue of this construction, crosstalk light 
can be attenuated by shutting off a gate disposed on a 
patf} in unuse. Further, the control of the trahsmittance 
of the gate permits the power of optical ch^nnels to be 
55 regulated according to need. 

[0021 ] In general, in the case of m x n optical matrix 
switches, m switches each with 1 x n are provided in the 
input stage, while n switches each with m x 1 are pro- 
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vided in the output stage. In this construction, the cross- 
talk light can be attenuated by providing m x n gates in 
the center stage and shutting off the gate disposed on a 
path in unuse. Further, the power of output from each 
channel "can be regulated by' controirrng the transmit- 
tance of a suitable gate. 

[0022] Thus, in a waveguide.optical switch wherein 
the switching and control of optical paths are carried out 
using optical waveguides provided in the substrate, the 
crosstalk between channels can be reduced, and the 
power of optical channels can be regujated.according to 
need, 

[0023] Further, in order to attain the above another 
object, according to the invention, there is provided an 
optical -ADM connprising: a substrate; a first optical 
switch which is provided on the substrate and outputs 
an optical signal, which has been input through a first 
input port, to either a first output port (a terminal for 
drop) or a terminal for through; and a second optical 
switch which is provided on the substrate and outputs, 
to a second output port, either the optical signal output 
from the terminal for through in the first optical switch or 
an optical signal from a second input port (a terminal for 
-add). . . - 

[0024] According to this construction, the first and 
second optical switches constituting the optical ADM 
and optical components connected to them are pro- 
vided on a single substrate.. Therefore, a reduction in 
size, a reduction in weight and a reduction in. cost of the 
optical ADM can be realized. Further, increasing the 
number of switches according to the channels can eas- 
ily realize an array construction and a multi-function on 
the substrate. This is suitable for the provision of hnulti- 
. channel.-. 

[0025] Further, in order to attain the above other 
object, according to the invention, an optical ADM. com- 
prises: a substrate; a first optical switch which, is pro- 
vided on the substrate and outputs an optical signal, 
which has been input through a first input port, to either 
a first output port (a terminal for drop) or a temriinal for 
through; a second optical switch which is provided on 
the substrate and outputs, to a second output port, 
either the. optical signal output from the. terminal for 
through in the first optical switch or an optical signal 
from a second input port (a terminal for add); a first level 
controller which . is provided on the substrate. and con- 
trols the level of an optical signal directed from the first 
optical switch to the second optical switch; a second 
level controller which is provided on the substrate and 
controls the level of an optical signal output to the termi- 
nal for drop: and a third level controller which is provided 
on the substrate and controls the level of an optical sig- 
nal input into the second optical switch through the ter- 
minal for add. 

[0026] According to this construction, a first level 
controller is provided between first and, second optical 
switches for drop and add and controls the level of 
transmitted light, the level of an optical signal dropped is 
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controlled in a second level controller, and the level of 
an optical signal added is controlled in a third level con- 
; trotler. The individual members are provided in an inte- 
gral form on a single substrate. This can realize a 

5 reduction in size and weight of an optical ADM. Further, 
this enables the control of a variation in loss in each 
path and the control of the level of optical signals in a 
terminal for drop and a terminal for add without trouble- 
some connection work, this can easily realize an array 

70 construction and a multi-function. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

Rg. 1 is a diagrarh showing a preferred embodi- 
ment of a network construction of the optical matrix 
switch according to a prefen-ed embodiment of the 
invention; 

20 _^ Fig. 2 is a diagram showing another preferred 
embodiment of a network construction of the optical 
, matrix switch according to a prefen^ed embodiment 

; of the invention; 
. Fig. 3 is a diagram showing the constnjction of opti- 
cs ; ' pal waveguides and electrodes in a Mach-Zehnder 
_ ' . optical switch provided on a lithium niobate sub- 
strate used in a prefen-ed embodiment of the inven- 
tion; 

Fig. 4 is a diagram showing operation characteris- 

30 tics obtained by a Mach-Zehnder optical switch pro- 
vided on a lithium niobate substrate used in a 
preferred embodiment of the invention; 
Rg. 5 is a diagram showing a vyaveguide layout of a 
2x2 optical matrix switch constructed of the Mach- 

35 Zehnder optical switch shown in Fig. 1; 

. Rg. 6 is a diagram showing a waveguide layout of a 
4 X 4- optical matrix switch constructed of the Mach- 
Zehnder optical switch shown in Fig. 1 ; 
Rg. 7 is a diagram showing the construction of a 

40 conventional optical ADM; 

^ Rg. 8 is a diagram showing the construction of a 
first prefen-ed embodiment of the optical ADM 
according to the i rive ntibn; 
Rg. 9 is a connection diagram wherein an optical 

45 circuit section corresponding to one channel in the 
optical ADM shown in Fig. 8 is rewritten so that an 
optical signal is directed from the input toward the 
output; 

Fig. 10. is a connection diagram showing an MZ 
50 optical switch used in an optical switch and a level 
controller according to the invention; 
Rgs. 11 A and 11 B are perspective views showing 
examples of MZ optical switches which are different 
from each other in disposition of electrodes; 
55 Rg. 12 is a connection diagram showing a con- 
struction wherein the optical circuit section corre- 
sponding to one channel shown in Fig. 9 has been 
brought to n channels; 
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Fig. 13Js a connection diagram showing a variant 
of the optical circuit section shown in Fig. 9; 
Fig, 14 is a connection diagram showing another 
variant of the optical circuit section shown in Fig. 9; 
Fig. 15 is a diagram showing a construction 
wherein an electric control system has been added 
to the optical circuit section shown in Fig. 13; 
Figs. 16A, 16B, and 16C are plan views showing 
preferred embodiment of layout of optical 
waveguides in an optical switch or a level controller 
according to the invention; 

Fig.. 1 7 is. a diagram showing the construction, of the 
second preferred embodiment of the optical ADM 
according to the invention; and „ 
Fig. 18 is a diagram showing the construction'of the 
third preferred embodiment of the ^optical ADM 
according to the. Invention, " ' 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0028] Preferred erfibpciinnents of the optical matrix 
switch and the optical ADM according to the invention 
will be explained in conjunction with the accompanying 
drawings. Fig. 1 is , a. diagram, showing a preferred 
embodiment of a network , construction of the optical 
matrix switch according to. a^ preferred embodiment of 
the invention. Mo re, specifically,. Fig. J js a network dia- 
gram illustrating the principle of operation according to a 
preferred embodiment of the invention in the case of a 2 
x 2 optical .matrix switch. . ^. , , ' . 

[0029] this network, when only the first and third 
stages are viewed, has the so-called "TREH*" construc- 
tion, and, in. a preferred embodiment of the invention, 
gates are inserted Jnto the second'stage as the center 
stage. Specifically, trans mittarice -variable opticaj 
switches (gates) 3 to, 6 are inserted into between 
switches 1 , i connectiecl to lnputs,#1., #2 and switches 7, 
8 connected to outputs #1, #2. _ 
[0030] . At the outset, when connection of an input 
#1 to an output #1 through 2 x 2 matrix switches with 
connection of an input #2 to an output #2 through 2x2 
matrix switches is contemplated, the switches are regu- 
lated so that a light introduced through the input #1 is 
led to switch 1 gate.3 ^ switch 7 ^ output #1 . There- 
fore, the gate 3 is brought to a state such that light can 
be passed therethrough. , , 

[0031] . in this case, croWstalk light generated from 
the switch 1 is led to the gate 3. Therefore, when the 
gate 3 is shut off, the crosstalk light generated from the 
switch 1 is attenuated by the extinction ratio' of the gate 

[0032] In order to lead light from the input #2 to the 
output #2, a switch 8 is set so that connection of a gate 
6 to the output #2 through the switch 8 is established. 
Therefore, the attenuated crosstalk light led from the 
gate 5 is further attenuated by the switch 8. 
[0033] Thus, the crosstalk level in the optical matrix 
switch using this network is reduced to -60 dB when the 
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extinction ratio of the optical switches and the gates is, 
for exap(e, 20 dB. The regulation of the transmittance of 
the gate 1 and the gate 4 in this state can regulate the 
power of light output from the output 1 and the output 2. 

5 . ' [0034] ' .Fig, 2 is, a diagram showing another pre- 
ferred embodiment of a'network construction of the opti- 
cal matrix switch according to a preferred embodiment 
of the invention. More specifically, Fig. 2 is a network 
■ diagram illustrating the principle of operation according 

10 to a preferred embodiment of the Invention in the case 
of an m x h optical matrix switch wherein m and n are 
each a positive integer. 

[0035] m switches 11-1 to 1 1 -m each with 1 x n are 
provided in the input stage, and n switches 12-Vto V2-n 

is each with m x 1 are provided in the output stage. The 
provision of m x n gates 1 3 in the center stage can real- 
ize a construction of ^n optical matrix switch having low 
crosstalk. Further, tKe power of output from each chan- 
nel can be controlled by regulating the transmittarice of 

20 a suitable gate. ' ' ' ^ 

[0036] Fig: 3 is a diagram showing the construction 
of optical Waveguides and electrodes in a Mach-Zeh- 
nder (MZ) optica[ switch provided on an LN (lithium nio- 
bate) substrate used in a preferred embodiment of the 

25 invention. In the drawing, the optical switch according to 
a jDrefen'ed embodimerit of the invention is constructed 
so that an X cut LN crystal is used and thfe' propayation 
direction of the' waveguide is rendered consistent with 
"the Z axis. Thus, the optical switch'shbwn in the drawing. 

30 is a polarized light-non-dependent switch wherein the 
dperatlori voltage and'the like' are not changed by the 
input pblarized light. ^ 

^[0637]' the' Wav^gmd prepared by a conven- 
' " tional nriethod wherein fl is diffused on an LN substrate. 
35 This polarized light-non-dependent switch has elec- 
' tro'des 2f tb 23; '^switch 24, and a power source 25. 
[0038] Fig. 4 is a'diagrarin showing operation char- 
acteristics obtained by a Mach-Zehnder (MZ) optical 

* switch provided on an LN substrate used in a preferred 
40 embodihnent of the invention. More specifically, Rg. 4 

shbWs operation' characteristics cornmonty obtained for 
' an' optical switch having a construction such that, in a 
' c6mp1eted MZ optical interference system, one signal 
electrode is provided and -ground electrodes are pro- 
45 vid'ed so as to surround the signal ialectrode. 

■ ' [0039] When the length of the electrodes 21 to 23 is 
about 6 hrim. typically, at an operation voltage of about . 
50 V, the cross-state caused by leading light from the 
* input #1 to the output #2 and leading light' from the input 
50' #2 to the output #1 is shifted to the opposite bar state. 
[0040] Fig. 5 is a diagram showing a waveguide lay- 
out of a 2 x 2 optical matrix switch constructed of the MZ 
optical 'switch shown in Fig. 1, In the drawing, an MZ 
optical switch is used also in gates 33 to 36 provided 
55 between switches 31, 32 connected respectively to 
inputs" #1, #2 and switches 37, 38 connected respec- 

• tively to outputs #1. #2, that is, provided in the center 
stage. 
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[0041] When the voltage applied to all the switches 
31, 32, 37, 38 and gates 33 to 36 were brought to zero 
V, the operation characteristics of the switches 31, 32, 
37, 38 followed those shown in Fig.. 4,' and, ais the 2x2 
matrix switch, a cross state from the input #1 to the out- 
put #2 and from the input #2 to the output #1 could be 
obtained. The crosstalk level at that time was typically - 
60 dB. In this state, the regulation of the voltage applied 
to the gate 35 has enabled the power of output to the 
9utput #2 to be regulated according to output character- 
istic curve to the cross port in the operation characteris- 
tics shown in Fig. 4. * * ^ * 
[0042] Further, when 50 V was, applied to all the 
switches 31 , 32, 37, 38 and gates 33 to 36, a state such 
that, as the 2x2 matrix switch, light is led from the input 
#1 to the output #1, that i^, a bar state, could be 
attained., 

[0043] At that time, the crosstalk level was typically 
-60 dB. In this state, the regulation of the voltage applied 
to the.gate 33 and the gate 35 enaipled the regulation of 
the power output to the outputs #1 and #2. 
[0044] . Rg. 6 is a diagram showing a waveguide lay- 
out of a 4 x 4 optical matrix switch constructed of ah M2 
optical switch shown in Fig. 1. In the drawing, an MZ 
optical switch is used also Jn a gate stage 42 provided 
between four 1 x 4 switches 41 connected to the inputs 
#1 to #4 and four 4 x 1 switches 43 connected to the out- 
puts #1 to #4, that is, is also provided in the center 
stage. 

[0045] Setting of the relationship, between the 
inputs #1 to #4 and the output ports to.which the inputs 
#1 to #4 are connected, is approxirriately 'as in the case 
of the 2 X 2! matrix switch shown in' Fig. 5. the crosstalk 
level at that time was typically -60 d6. In the state set- 
ting, the regulatipn of the voltage applied to gates in a 
suitable gate stage enabled the loss caused by the 
insertion of the present matrix switch to be controlled as 
desired in the range of 7 dB to 25 dB. 
[0046] In a prefeTed embodiment of the. invention, 
the use of an M2 optical switch op an X cut LN crystal 
substrate in the optical switch, and the gate has' been 
described in detail. As is apparent from, the" above 
description, the optical path switch circuit according to a 
prefen'ed embodiment Qf the invention does not depend 
upon the type of the optical device used in the optical 
switch and the gate. . 

[0047] For example, a semiconductor optical ampli- 
fication gate may be used in the center gate stage. As 
well known in the art. the semiconductor optical amplifi- 
cation gate is a device which absorbs light in the case of 
no current feed and, upon a suitable current feed, exhib- 
its a photoampliftcation function. Therefore, when a 
semiconductor optical amplification gate is used in the 
gate switch according to a prefen-ed embodiment of the 
invention, the loss caused by the insertion of the 1 x N 
switch mounted on the former stage and the latter stage 
can be compensated for. This can realize the construc- 
tion of a lower-loss matrix. 


[0048] Further, " a directional coupler-type optical 
switch having the function of selecting a waveguide, 
which can actually provide an optical output from a plu- 
rality of output optical waveguides by varying the refrac- 

5 tive index of directional couplers provided in optical 
waveguides, for example, made of an electrooptlc crys- 
tal, through a change in electric field can be also applied 
to the 1 x N switch and the gate. 
[0049] Furthennore, a digital optical switch having 

10 the function of selecting a waveguide, which can actu- 
ally provide an optical output, from a plurality of output 
optical waveguides by varying the refractive index of a 
plurality of output optical waveguides connected in a Y- 
branched form to a single input optical waveguide pro- 

75 vided in. an optical waveguide, for example, made of an 
electrooptlc crystal, through a change in electric field 
can be applied to the 1 x N switch and the gate. As 
described above, the method wherein the transmittance 
is varied by the electrooptlc effect, is advantageous in 

20 that, as compared with the method using the thermoop- 
tic effect, the power consurription can be reduced and 
the operation speed can be increased. 
[0050] Thus, the provision of transmittance-variable 
^optical switches (gates) with. one input and one output in 

25 the center stage of a matrix constructed of a network 
having a TREE structure pemiits a low crosstalk level 
required of optical communication to be easily achieved. 
Further, in this case, the intensity level of light output 
from each output port can be controlled,' These advan- 

30 tages render this construction very valuable from the 
'.yiewpoint of industry. 
; ; [9051] As* is appiarent from the foregoing descrip- 
tion, the optical matrix switch according to the invention 
comprises a branch-selective netvyork in such a form 

35 that output ports of m (m = a positive integer) optical 
. switches each with one input and n (n = a positive inte- 
ger) outputs are connected to input ports of n optical 
switches each with m inputs and one output so that the 
nist (n1 - a positive integer) output port in output ports 

40 Of the mist (ml = a positive integer) optical switch with 
one input and n outputs is connected to the m1st input 
port 9f the n 1 St optical switch with m inputs" and one out- 
put. In this optical switch, either transmittance-variable 
optical attenuators or variable optical amplifiers each 

45' with' one input and one output are provided between the 
output ports of the optical switches each with, one input 
and n outputs and the input ports of the optical switches 
each with m inputs and one output. This can advanta- 
geously reduce crosstalk between channels, and can 

50 regulate the power of optical, channels according to 
need, 

[0052] Next, preferred embodiments of the optical 
ADM according to the invention will be explained in con- 
junction with the accompanying drawings. 
55 [0053] Fig. 8 shows a first prefen-ed embodiment of 
the optical ADM according to the invention. 
[0054] The optical ADM according to the invention 
is provided along an optical transmission path having a 
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plurality of .channels (for example, 32 channels). An 
optical annpiifier (AMP) .21 1 '\s connected on the 
upstream, side of the optical ADM. A dennultipjexer 212 
for dennultiplexing a nnultiplexed optical signal to differ- 
ent wavelengths is connected to the optical anriplifier 
211.1x2 optical switches 21 3 havjng an identical con- 
struction are. connected, respectively to output lines of 
the demultiplexer 212. A levej controller 214 is con- 
nected to one of the output terminals in the 1 x 2 optical 
switch 213, and the input terminal functions as a drop 
terminal. A level controller 21 5 is' connected to the other 
output terminarof the 1 x 2 opltical switches 213. One 
inputtermina! in a 2 X 1 optical switch 216 is connected 
to this levelcontroller215.' A level controller 217 is con- 
nected to the other input fernninal in the 2 x 1 optical 
switch 21'6, and this input ternriinal functions as" an add 
terminal. Each input terminal of a multiplexer 21 8 is con- 
nected in a 1 : i relationship tb each output terminal of 
the 2 x'l optical svy'itches 216, An dptic^i amplifier 
(AMP) 2l9ls cohnectec! to the bCjtput terminal of the 
multiplexer 218, The amplified output from the 'optical 
amplifier 219 is sent downward. 
[0055] . The 'pptical amplifiers 21 1 . 21 9, the .demulti- 
plexer,21.2! tfjel x.2 optical switch 213. the level control- 
lers 214. 215...217, the 2 X 1 optical switch 216, arid the 
multiplexer 21 8 are prpvided' on a single substrate (for 
examplei an X-CUt LN crystal substrate). The connection 
between the. optical svyitches and the' level cori^ 
214, 215, 21.7, the connection between the 1 x'2 optical 
switch .21 3 and the demultiplexer 21 2i ,and the cohnec- 
tion between the 2 x 1 optical switch . 2 f6' and th^;;multi- 
plexer 2l9,are.p.erformed through,_an'o"pticai wayeguide. 
[q056],_ /'^An M? (Mach Zehnderyoptici! switch, a ^v^^^ 
iabte opticaf amplifier (a semiconductor opjical amplifi- 
cation gate) or the like may be used in the 1. x 2 optical 
switch 213, the 2x 1, optica! switch 216!, and the level 
controllers 214, 215, 217. The M2 optical switch pro- 
vided on an X cut LN (lithium niobate) c^ryst^l substrate 
features a switch function and a level control function by 
drive at low povyer. Further, as well known in the art, the 
sem.iconductor optical amplification gate is a device 
which, absorbs an optical signal i*n the case of np.current 
feed , and, , upon suitable current feed, exhibits optical 
amplification. Therefore, when the semiconductor bpti- 
cal amplification gate is, used in the optical switches 
21 3^ 216 and the levej contrptlers 214,' 21,5, 217, the 
loss caused by the inse.rti.on of the 1.. x N (or;N'x 1) 
switch provided before or behind them can be compen- 
sated for. This can realize a.constructionpf a lower-toss 
optical ADM. . ........ ... 

[0057] Further, a digital optical switch (an optical 
switch or gate having the function of selecting a 
waveguide, which can .actually provide an opticaj out- 
put, from a plurality of output optical waveguides by var- 
ying the refractive index of a plurality of output optical 
waveguides connectedjn a Y-branched form to a single 
input optical waveguide provided in an optical 
waveguide, for example, made of an electrooptic crystal 
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or^ a material having themnooptic effect, through a 
changejn electric field) may also be used in the optica! 
;switch^s 213,^16 and the level controllers 214, 215, 
217. As cortiparecl with the use of the thermooptic 
5 effect, the use of the electrooptic crystal in the optical 
switch or, th^ lever controller can advantaigeously 
reduces the power consumption and increase the oper- 
ation speed. ' 

[0058] Alternatively, a directional coupler-type opti- 

10 cal switch having the function of selecting a waveguide, 
which can actually provide an optical output, from a plu- 
rality of output optical waveguides by varying the refrac- 
.tive index of directional, couplers provided in optical 
waveguides, for example, made of an electrooptic crys- 

75 tal, through a change in electric field may be used in the 
optical switches 213, 216 and the level controllers 214, 
21 S, 21 7. When an optical waveguide formed of a mate- 
rial having thermo9ptic effect typified by quartz is used, 
a heater may be riribunted at a suitable position of the 

20 optical waveguide to regulate the change in refractive 
index by a current applied to the heater, thereby permit- 
ting the optical path to be switched. 
[OdSS] " In the construction shown in Fig. 8, the opti- 
cal ADM is'provTdisd at a point C along the optical trans- 

25 mission' "ffne provided between* points A and B. A 
multiplexed optica! signal from the point'A is amplified in 
the optical amplifier 21 1 , and then deniuttiplexed in the 
, denriu'ltiplexer 212; When the 1 )^ 2 opticarswitch'213 is 
in the state of being switched to the levercontroller 214 

30 . side, the demultiplexed signals are subjected to prede- 
temhiried attenuation in the level controller 214 and are 
theh Withdrawn tp the otitside of the system (Drop). 
',' When th'ig'i'x 2.optica1 switch 21 3 is in the statie of being 
switch'ed to th^ level controller 21 5 side, the opticaf sig- 

35 nkl's are subjected to predetermined attenuation (or 
ahiplificatiohj fbPoutput level matching in the level con- 
trpller 215, and then ihpiit through the'2 x 1 optical 
switch 21 6 into the multiplexer 21 8, where other optical 
signals are added thereto. 

40 [0060] When the 2 x 1 optical switch 216 is in the 
state of being switched to the level controller 217, 
' instead 'of the optical signals from' the level controller 
' 21 5,' optical signals introduced frorh the point C may be 
sent through the 2 x 1 optica! switch 216 to the multi- 

45 ptexer 218 (Add). At that time, the optical signals intro- 
duced at the point C are subjected to predetemiined 
attenuation (or amplification) for output level matching in 
* • the leVel cdntrolfer 21 7. The optical signals from the 2 x 
" ' , 1 bptical switches 21 6 are added to other optical signals 

50 in the multiplexer 218, and the multiplexed optical signal 
Is amplified in the optical amplifier 219, and then sent 
toward the point B. 

[0061 j Fig. 9 is a connection' diagram wherein an 
optical circuit section con-espohding to one channel in 
55 the optical ADM shown in Fig. 8 is rewritten so that an 
optical signal is directed from the input toward the out- 
put. Here a construction is shown wherein the demulti- 
plexer 212 and the multiplexer 218 have been removed 
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from the construction shown in Fig. 8*. An MZ optical 
switch, which functions as a gate, is used in the level 
controllers 214, 215, 217. The input #1 corresponds to 
an Add terminal, the input #2 the output of the dismulti- 
plexer 212, the output #i the output of the 2 x 1 optical 
switch 21 6, and the output #2 a Drop tenninaL 
[0062]' As shown in Fig. 9, optical waveguides 221, 
222 are connected respectively to the inputs #1 and #2. 
A level controller 217 is provided within the optical 
waveguide 221, and a 1 x 2 optical switch 213 is pro- 
vided within the optical waveguide 222. Optical 
waveguides 223, 225 are connected respectively to two 
output terminals of the 1 x 2 optical switch 213. A level 
controller 215 is provided within the optical waveguide 
223, and a level controller 214 is provided within the 
optical waveguide 225. Further, a 2x1 optical switch 
21 6 is provided between the optical waveguide 223 and 
the level controller 21 7 and the output #1 1 
[0063] Rg. 10 shows the construction of an MZ opti- 
cal switch used in the 1 x 2 optical switch 213, the 2 x 1 
optical switch 216, and the level controller 214, 215, 
217. The MZ optical switch comprises an optical 
waveguide and an electrode provided on an LN sub- 
strate. That is. an, optical waveguide is provided by Ti 
' diffusion on a substrate using an X cut LN crystal. When 
the propagation direction of the. optical waveguide is 
rendered consistent with the Z axis, a polal-ized light- 
. non-dependent swjtch can be constructed wherein the 
operation voltage and the like are not changed by the 
input polarized light 

[0064] As shown in Fig.. 1.0, two directional couplers 

A, B are formed by two optical waveguides 230a, 230b. 
A signal electrode 232 is provided in the center of the 
optical waveguide between the directional couplers A, 

B, and ground electrodes (earth eledtrodes) 231, 233 
are provided on both sides of the signal electrode 232 
so as to sandwich' the optical waveguides. Wiring pat- 
terns 236a, 236b are connected to. the signal electrode 
232 and the ground electrodes 231, 233, wherein the 
wiring pattern 236b is connected to the signal electrode 
232. The wiring patterns 236a and 236b "are connected 
to the switch 2i34. and a power source 235 is connected 
in parallel to the switch 234. 

[0065] Fig. 4 shows the operation characteristics of 
the MZ optical switch shown in Fig. 10. When the length 
of each, of the electrodes 231 to 233 is about 6 mm, at 
an operation voltage (DC) of about 50 V, the cross state 
caused by leading light from the input #1 (Add) to the 
output #2 (Drop) and leading light from the input #2 (out- 
put of demultiplexer 12) to the output #1 is shifted to the 
bar state. Figs. 1 1 A and 1 1 B show examples of MZ opti- 
cal switches which are different from each other in dis- 
position of electrodes. Fig. 1 1 A is a perspective view of 
an MZ optical switch having three electrodes shown in 
Fig. 10, and Fig. 11B is a perspective view of an MZ 
optical switch having two electrodes. In Fig. 11 A, a 
directional coupler is formed by rendering a part of two 
optical waveguides 230a, 230b close to each other on 


• an LN substrate 251. A belt-shaped signal electrode 
232 is provided adjacent to the directional coupler and 
between the optical waveguides 230a, 230b, and belt- 
shaped ground electrodes 231 , 233 are provided on the 

5 outside of the optical waveguides 230a, 230b, In this 
' construction, a voltage is laterally applied to the optical 
waveguides 230a, 230b. In the construction shown in 
Fig. 11B, as with Fig. 11 A, two optical waveguides 
230a, 230b are fonned on the substrate 252, and elec- 

70 trodes 253, 254 are provided on the outside of the opti- 
cal waveguides. 230a, 230b so that a part of the 
electrodes are overiapped with the optical waveguides 
230a, 230b. In this case, a voltage is applied between 

• the electrodes 253, 254 and ground electrodes (not 
IS shown). In this construction, a voltage is vertically 

applied to the optical waveguides 230a, 230b to perform 
- phase shift 

[0066] In Figs. 8 and 9, the 1 x 2= optical switch 21 3 
has the function of performing a selection such that an 
20 optical signal introduced through an input #2 is output to 
- ^an output #1 or an output #2. The ievel controller 215 
performs a selection such that any optical signal intro- 
duced through the input #1 or the input #2 is output 
' through the output #1. In the level controller 214. the 
25 'transmittahce of an optical signal; which is introduced 
through the input #2 and is output from the output #2, is 
regulated. In the level controller 216. the transmittance 
' of an optical signal, which is introduced through the 
input #2 and is output from the output #2, that is. the 
' 30- attenuation,- is regulated. Further, in the level controller 
217," the transmittance of an optical signal, which is 
: introduced through the input #1' and is output from the 
output #1, is regulated. 

[0067] - ' Next, the switching operation and the fonna- 

35 tion of the path in the optical switch having a construc- 
tion shown in Fig. 9 will be explained. The optical signal 
input through the input #1 is led through the level con- 
troller 21 7 and the 2 x 1 optical switch 21 6 to the output 
#1, while the optical signal input through the input #2 is 

40 led through the 1 x 2 optical switch 21 3 to the output #1 
or the output #2. For the optical signal input through the 
input #2,. the 1x2 optical switch 213 perfomns a selec- 
tion such that this optical signal is output either the out- 
' put #1 or the output #2. For the optical signal input 

45 through the input' #1 or the input #2, the 2 x 1 optical 
switch 216 performs a selection such that one of the 
optical signals is output from the output #1 . - 
' [0068] In the optical ADM. the optical signal, which 
has been' input through the input #2, is generally led 

'50 through the 1 x 2 optical switch 213, the level controller 
215. and the 2'X-1 optical switch 216 to the output #1. 
When an optical signal is also input through the input 
#1, however, the optical signal leaked through the level 
controller 21 7 and the 2 x 1 optical switch 216 is led to 

55 the output #1 . At the same time, the optical signal input 
through the input #2 is led through the 1 x 2 optical 
switch 213 and the level controller 214 to the output #2. 
In this situation, the extinction ratio of the optical 
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waveguide on the LN substrates, shown in .Fig. 10 was 20 
dB. That is. when the optical signal Input through the 
Input #1 was led to the output #1 , the insertion loss can 
be regulated in a width of 20 dB by the level controller 
215. ■ 

[0069] Likewise, when : the optical signal^ input 
through the input #1 was led to the output #1 , the inser- 
tion loss could be regulated. in a width of.20 dBby the 
leve^ controller 217.- When ■ th^ optical signal input 
through the input #2 was-led.to.the output #2, the inser- 
tion loss could be regulated, irr a width of 20 dB by the 
level- controller 214. - Further,, when the optical, signal 
'input through the input #2 was led.through.the ^ x 2 opti- 
cal switch 213 and the leveKcontrpller 214 to the output 
#2, the optical signal-is le^kedto the- output #1 through 
the level controller 215, This le.akeql optical signal, how- 
ever, could be brought to not more than :60 dB by regu- 
lating the 1 X 2 optical svyitch 213, the lev^l controller 
215, and the 2.x. 1. optical -switch. 2'1 6.^^^^^ . . .. . 
[0070] As described above,., according to the con- 
struction shown in Fig. 9, a small, low-cost optical, ADM 
having a sirpple construction can be provided, and a 
variation in loss ,of .the paths can be ppntrolled. further, 
waveguide-type optical circuit comppnents. are. used 
wherein electrocptic characteristics are -suph that the 
refractive index is varied upon the appiiqation of electric 
field. This can easily realize. . ah .s'^.f^V^ or cpmposite 
construction. : In Fig. 9, when ; an ^MZ.. optical s^^^ 
shown in Fig. 10. or Rgs. 11 A and 1.1 B ls,usedjn the 
level controllers 214, 215, 217,,.this^pan b^,pp"^m^^ as 
a variable, attenuator. Varying Jhe^applied volt^^' so as 
to provide a desired attenuation suffices for th.e. opera- 
tion as the variable attenuator. jKus. the yafjation in 
loss of the paths can be simply regulated. . - 
[0071], Fig. 12. shows a construction, wherein the 
optical circuit section con-esporiding , to.. one. channel 
shovyn in Fig. 9;has been . brought to n channels., An opti- 
ca! circuit seetipn 260 shown. in Fi,g. 1^. is characterized 
in that a plurality of sets of optical circuit s.ections. shown 
in Fig.-, 9 are-arrayed tq. constitute optical circuitsectiops 
261 , 262, 263, 264 (having an identical construction) of 
8^ channels in total. Here again, the, demultiplexer 212 
and the multiplexer 21 8 are not sho\wn. . . 
[00.72] . ^ Regarding the optical circuit section 1251 , the 
optical waveguides 221a, 22?a, 223a, 224a, 225a Qor- 
respond to the optical waveguides 221, to 225 shown in 
Fig. 9, the level controllers .2 14a, 215a, 217a the level , 
controllers 214, 215; 21 7 shown, in Fig! 9, and the opti- 
cal switches 213a, 21 6a the 1x2 optical switch. 213 and 
the 2 X 1 optical switch 216 shovyn. in Fig. 9. Likewise, 
the optical waveguides 22 lb, 222b, 223b, '224b. 225b, 
221c, 222c. 223c, 224c. 225c, 22l"d, 222d, 223d, 224d. 
225d of the optical circuit sections 262.. to 264 corre- 
spond to the optical waveguides 221 to 225 shown in 
Fig. 9, the level controllers 214b, 215b, 217b, 214c, 
215c, 217c, 214d, 215d, 217d the levelcontrollers 214, 
215, 21 7 shown in Fig. 9, and the optical switches 213b, 
216b, 213c, 216c, 213d, 21 6d the 1 x ,2 optical switch 


,213 and.the.2 x 1 optical switch 216 shown in Fig. 9. 
. [0073] . The optical, circuit sections 261 to 264 are 
...providedsindependehtly of one another, and these opti- 
cal circuit. sections, individually perform the operation of 
5: the. switch with two inputs and two, outputs and the level 
control operation (gate operation) explained, above in 
connection with Fig. 9. Thus, the additional provision of 
optical circuits vyith two Inputs arid two outputs' accord- 
ing to heed can constitute ah optical ADM with desired 
70. inputs x output^. Therefore, a small,, low-cost optical 
ADM having a simple construction can be realized. Fur- 
ther, even when the number of inputs and outputs are 
increased to any extent, the variation in loss of the paths 
can be controlled. 
15 [0074] Fig.' 13 shows a variant of the optical circuit 
section showii in Fig. 9. According to this preferred 
.embodiment, a directional coupler-type 'optical switch is 
used' in alj the fx 2 optical switch 213, the 2 x 1 optical 
switch 216, arid the level controllers' 21 4, 215, 217. The 
2oy. level controller 215 is connected to the 1 x 2 optical 
. . switch 21 3 and the 2 x 1 optical switch 21 6 respectively 
. through the optical waveguides 223-1 , i223-2. 
[0075] Fig. 14 shows another variant of the optical 
circuit section shpwri in Fig. 9. According to this pre- 
25' ferred ennbodinrient, a directional coupler-type optical 
switch is used iri the t x 2 optical switch 213 and the 2 x 
1 optical switch 21 6, and an MZ opticahswitch is used in 
, V the level controllers 214, 215, 217. In this construction, 
^as described above, .according to the applied voltage, 
30 ' the MZ optical switch may be in an on/off state or may 
, ^ , constitute a variable attenuator, therefore, "when the MZ 
'^^1'.,..".' optical switch is used in an on/off state, leak'can'b'e pre- 
" 7 vented 6n the other hand, when the MZ bpticai switch 
, is'used as the vai^iable attenuator, thele^^ matching of 
.35 the paths cah^be perfonmed." " ' " * 

, / [0076] ,' . FigV 15 shows a cohstruction wherein an 
electric control system' has bden added to the optical 
' Qirc'ujt/sedb in Fig. 13. As described above In 

connection with Fig'. 10, the 1 x 2 optical switch 213 is 
40 provided with a signal electrode 213a and ground elec- 
. ti-odes iiSB,' 21 3C, and a directional coupler is fomned 
_ in two places of the optical waive gU ides. Likewise, the 2 
' * x 1 optical-switch 216 is provided' with a signal electrode 
2.1.6A and ground electrodes 2'16B, 21 6C, and a direc- 
45 tip hal coupler is, formed in two places of the optical 
waveguides. The level controller 214 is provided with a 
, J ' signal electrode 214A and ground electrodes 21 4B, 
2i4C, the level controller 215 is provided with a signal 
electrode 215A and ground'electrodes 21 5B, 21 5C, and 
50 the level controller 217 is provided with a signal elec- 
trode 21 7A arid ground electrodes 217B, 217C. For 
each of the level controllers, a directional coupler is pro- 
vided in two places of the optical waveguides. ' 
[0077] Further, a wiring pattern 291 is connected to 
55 the signal electrode 21 4A, a wiring pattern 292 to the 
signal electrode 21 6A, and a wiring pattern 293 is con- 
nected to the signal electrode 21 7A. The ground elec- 
trodes. 21 4B. 2140, 215B. 215C. 2178, 217C are 
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connected to one another through a wiring pattern 294. 
A direct voltage source 295 is connected between the 
wiring pattern 291 and the wiring pattern 294, a direct 
vottage source 296 between the wiring pattern 292 and 
the wiring pattern 294, and a direct voltage source 297 5 
between the wiring pattern 293 and the wiring pattern 
294. The signal electrodes 21 3A and 216A are con- 
nected to each other through a wiring pattern 298, and 
the ground electrodes 214B, 21 4C, 2168, 21 6C are 
connected to one another through a wiring pattern 299. 70 
A direct voltage source 100 is connected to the wiring 
pattern 298 and the wiring pattern 299. 
[0078] The direct voltage sources 295 to 297 and 
200 may be varied as desired, for example, in the range 
of 0 to 50 V, and the voltage may be set according to the 15 
• desired state of operation (on/off state or desired trans- 
mittance). The voltages of the level controllers 214, 215, 
217 may be set independently of one another respec- 
tively by the direct vottage sources 295, 296, 297. The 
attenuation varies depending upon the voltage values 20 
set separately by the direct voltage sources 295 to 297. 
An identical voltage is applied to the- optical switches 
213 and 216 by the direct voltage source 200. There- 
fore, upon the application of a voltage to the optical . 
switches 213, 216. the input frl communicates with the 25 
output #1 , while upon the application of a voltage V2 to 
the optical switches 213, 216, the, input #2 communi- 
cates with the output #1. . . .. 

[0079] Figs. 16A to 1 8C show, preferred embodi- 
ment of layout of optical waveguides in an optical switch 30 
or a level controller according to the invention. Fig. 1 6A 
shows a level controJIer. Y-branched 3 dB couplers 103, 
104 are provided respectively on both sides of the opti- 
cal waveguides 101, 102 and function as a 1 x 1 (one 
input and one output) attenuator. Fig. 16B shows a con- 35. 
struction which can be utilized in both an optical switch 
and a level controller. In this case, a Y-branched 3 dB 
coupler 103 is used In the input, while a 1 x 2 optical 
switch 105 having a nontsymmetrical X. structure is 
used in the output. The construction shown io. Fig. 16C 40 \ 
also can be utilized in both an optica! switcti and a level 
controller. Directional coupler-type 3 dB couplers 106, 
1 07 are provided respectively on both sides-.of the opti- 
cal waveguides 101, 102, andfunctionasa2x2 optical 
switch. . ..... 45 

[0080] Rg. 1 7 shows a second prefen-ed embodi- 
ment of the optical ADM according to the Invention. The 
construction of this preferred embodiment is the same 
as that shown in Fig. 8, except that the level controllers 
214, 215. 217 have been removed. According to this so 
construction, although the level matching of the paths 
cannot be perfonmed, an optical ADM can be con- 
stnjcted on a single substrate. Because none of the 
level controllers 214, 215, 21 7 are provided, the number 
of components can be reduced, leading to a reduction in 55 
size and a reduction in cost of the optical ADM. 
[0081] Fig. 18 shows a third preferred embodiment 
of the optical ADM according to the invention. The con- 


struction of this preferred embodiment is the same as 
that shown in Fig. 8, except that the level controllers 
214, 217 have" been removed. According to this con- 
struction, the level matching of the paths for drop and 
add cannot be performed. For paths between optical 
switches, however, level regulation can be done by the 
level controlier 215. This construction also can realize a 
reduction in the number of components which leads to a 
reduction in size and a reduction in cost of the optical 
ADM. 

[0082] Further, a construction may be adopted 
wherein only the level controller 215 is removed from 
Jhe constructiori shown in Fig. 3. Otiier constructions 
usable in the Invention include one wherein the level 
controllers 21 4, 21 5 are provided while the level control- 
ler 217 is removed, and one wherein the level control- 
lers 215, 217 are provided while the level controller 214 
is removed. 

[0083] As described above, according to the optical 
ADM of the invention, the first and second optical 
switches for drop and add are provided on a single sub- 
strate. This can easily realize a reduction size, an an-ay 
construction, and a multi-function and. at the same time, 
can'realize a reduction in cost. 
[0084] , Further, according to the optical ADM of the 
invention, a first level controller is provided between first 
and second optical switches for drop and add, the level 
,of an optical signa^dropped is controlled in a second 
level controller, and the level of an optical signal added 
is CQotrolled in a thjrd level controller. The individual 
members are provided in ah integral form on a single 
substrate. This can realize, for example a reduction in 
size, a reductipn in weight, a reduction in cost and a 
nnulti-function'of the optical ADM, and, in addition, can 
realize the control of the level of optica! signals in a path 
for drop and' a path for add. /; 

Claims 

,1. An, optical matrix switch comprising a branch-selec- 
tive network in such a form that output ports of m (m 
, = a positive integer) optical switches each with one 
input and n (n = a positive integer) outputs are con- 
nected to input ports of h optical switches each with 
m inputs and one output so that the nist (n1 = a 
positive integer) output port in output ports of the 
, . mist (m1 =.a positive integer) optical switch with 
.one input and n outputs is connected to the mist 
. input port'in.input ports of the fist optical switch with 
. m inputs "and one output, wherein: 

the optical switehes each with one input and n 
outputs and the optical switches each with m 
inputs and one output are formed of a material 
having electrooptic characteristics such that 
the refractive index changes upon the applica- 
tion of an electric field; and 
transmittance variable gate members are pro- 


19 


gP I 098 219 A1 


20 


vided respectively between the output ports of 
the'optical switches each with one input and n 
' outputs and the input ports of the. optical 
switches each with nn' inputs and one output; 

The optical matrix switch^accbrding to clainn 1, 
wherein the gate member;|s either a variable optica! 
attenuator or a variable optical amplifier with one 
input and one output. 

The optical matrix switch according to cl^im 2, 
wherein either the. optical switch or the variable opti- 
cal attenuator foV'cohstituting the branch -selective 
ne'twork comprises a Mach-Zehndis'r ihterference 
system. . 

The optical niatrix siwitch according to claim 2, 
wherein either the optical switch or the variable opti- 
cal attenuator for constituting the branch-selective 
network comjDrises'a directional coupler. , 

The optical matrix switch according to claim 2, 
wherein either the optical switbh orthe vairiable dpti- 
* cal attenuator for constituting the branch-seiective 
network comprises a digital optical switch Which 
has a function such that a wayeguide, fronn which 
ah optical output is actually prdyided, i^ selected 
from a plurality of output opticaf waveguides by var- 
ying^, through a change in electric field, the'refrac- 
tive " ihdex , of the plurality of output optical 
waveguides connected in a V-branched form td'one 
input optical waveguide. ' " . 7/ 

6. The optica] nhatrix sWitch according to' cfeim 2, 
wherein either the variable optical attenuator or the 
variable optical amplitier comprises a semiconduc- 
tor optical amplifier gate. 

7. The optical matrix switch according to claim 2, 
wherein the optica! matrix switch comprises an opti- 
cal waveguide formed within a crystal material hav- 
ing an electrobptic effect and either the switching of 
the optical path or the regulation" of the transmit- 
tance is perfomned by a voltage applied to the opti- 
cal waveguide. 

8. The optical matrix switch according tb claim 3, 
wherein the optical mati'ix switch comprises an opti- 
cal waveguide formed within a crystal material hav- 
ing an electrooptic effect and either the switching of 
the optical path or the regulation of the transmit- 
tance is perfomned by a vqjtage applied to the opti- 
cal waveguide. 

9. The optical matrix switch according to claim 4, 
wherein the optical matrix, switch comprises an 
optical waveguide formed within a crystal material 
having an electrooptic effect and either the switch- 


ing of the optical path or the regulation of the trans- 
mittknee'is pierfonned by a voltage applied to the 
' ' optical waveguide. 

5 ' 10/ Ah optibal ADM comprising: 
a sudstrate; 

a first optical switch which is provided on the 
substrate and outputs an optical signal, which 

10 has been input, through a first input port, to 

eithef'a first output port (a terminal for drop)'or 
a terminal for through; and 
a second optical switch which is provided on 
the substrate and outputs, to a second output 

15 port; either the optical signal output from the 

terminal for through in the first optical switch or 
ah opti bail signal from a second input port (a 
terminal fbr'add). 

20 IT, Tine optical ADM according to claim 10, wherein the 
first and second optical switches change the refrac- 
tive index in -response to the application of an elec- 
trie field or a temperature change and the output 
" ' path ii switched according to the refractive index. 

25 : v.: ■ '\ . • ■■ .. ■ ■ 

12. The optical ADM according to claim 10, wherein the 
second optical switch is bbnnected to the terminal 
for through in the first optical switch through a level 
controller for controlling the level of the optical sig- 
30 ■ nal frohrl the first optical switch. 

' ' 13/ the'o'pticaii AD'M aiccording to claim 1 2, wherein the 
leN^i^ contfbtler chang the transmittance accord- 
in^ td 'th'e '^plle^^ feed cuh-ent and 

35' ' the output level of^he input optical signal is control- 
' Med according to the transmittance 

14/tiie''bptic^l ADM according to claim 11, wherein 
each of the opticar switches and the level controller 
40 ■' ' ' ^'kr^ a'^Mach-Zehnder optical switch, a variable opti- 
^ ' cal Srhplifier, a variable opticia I attenuator, -or a 
directional boupter optical switch. 

■ 15. The- bptical ADM :^ccording to claim 12, wherein 
45 ' ' each* of 'the optical switches and the level controller 
are a Mach-Zehnder optical switch, a variable opti- 
'cal'' arViplifier; a- variable optical- attenuator, or a 
' directional coupler optical switch. 

50 16.' The optical ADM according to claim 14. wherein the 
•variable optical attenuator or the variable optical 
^amplifier is a semiconductor optical amplifier gate. 

17. The optical ADM according to claim 15, wherein the 
55 variable optical attenuator or the variable optical 

■ amplifier is a semiconductor optical am.plifier gate. 

1 8. An optical ADM comprising: 
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a substrate; 

a first optical switch which is provided on the 
substrate and outputs an optical signal, which 
has been input through a first input port, to 
either a first output port (a terminal for drop) or 5 
a terminal for through; 

a second optical switch which is provided on 
the substrate and outputs, to a second output 
port, either the optical signal output from the * 
terminal for through in the first optical switch or io 
an optical signal from a second input port (a > • 
terminal for add); ■ ; 

a first level controller which is provided on the 
substrate and controls the level of an optica! 
signal directed from the first optical switch to is 
the second optical switch; 
a second level controjler which is provided on 
the substrate and controls the level of an opti- \ " ■ 
cal signal output to the temninal for drop; and 
a third level controller which is provided on the 20 
substrate and controls the level of an optica! 
signal input into the second optical switch 
through the terminal for add, 

19. The optical ADM according to claim 1 8. wherein the 25 
first and second optical switches change the refrac- 
tive index in response to the application of an elec- 
tric field or a temperature ^change and the output 
path is switched according to the refractive index. 

. 30 

20. The optical ADM according to claim 1 8, wherein the 
first to third level controllers change the transmit- 
tance according to thfe applied voltage or the feed 
cun-ent and the output level of the input optical sig- 
nal is controlled according to the trahsmittance. 35 

21. The optical ADM according to claim/19, wherein 
each of the optical switches or each of the, level 
controllers is a Mach-Zehnder optical svyitch, a var-, 
iable optical amplifier, a variable optica). attenuator, 
or a directional coupler optical switch. 

22. The optical ADM according to claim 20, wherein 
each of the optical switches or each of the level 
controllers is a Mach-Zehnder optical switch, a var- 45 
iable optical amplifier, a variable optical attenuator, 

or a directional coupler optical switch. 

23. The optical ADM according to claim 21 . wherein'the 
variable optical amplifier and the variable optical 50 
attenuator are a semiconductor optical amplifier 
gate. 

24. The optical ADM according to claim 22. wherein the 
variable optical amplifier and the variable optical 55 
attenuator are a semiconductor optical amplifier 
gate. 
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